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ARL1 is zygotic lethal, indicating essential roles for both of these proteins in metazoans [12, 13] .
The golgins also play an important role in the structure and functioning of the Golgi apparatus in eukaryotic organisms. These proteins were originally identified as the antigens recognized by autoantibodies present in the serum of patients with autoimmune disorders such as Sjögren's syndrome [14] . Aside from short amino-and carboxy-terminal domains, the golgins are predicted to adopt an extensive coiledcoil conformation ( Figure 1A ). At least four golgins (p230/golgin-245, golgin-97, GCC88 and GCC185) in mammalian cells, and one (Imh1p) in S. cerevisiae have at their carboxyl terminus a conserved region called the 'GRIP' domain, a ~45 amino acid motif necessary and sufficient for localization of these proteins to Golgi membranes, specifically the TGN [2-4,15]. The four mammalian GRIP-domain golgins each show the same response to treatment by the drug brefeldin A (BFA) in that none of these proteins is rapidly released from Golgi membranes (that is, within 2 minutes of treatment). The golgins are only released after approximately 15 minutes of treatment with the drug, the time at which the Golgi disassembles [15] . Hence the membrane association of the golgins depends on an intact Golgi structure, but is not regulated directly by the Arf proteins, which are direct targets of BFA.
The new work published in this issue of Current Biology by Panic et al. [5] and Gangi Setty et al. [6] shows that both Arl1p and Arl3p are required for localization of GRIP-domain proteins to Golgi membranes. Arl1p-GTP interacts specifically with the GRIP domain to recruit it to membranes, and Arl3p is required for normal Golgi localization of Arl1p. Gangi Setty et al. [6] show that it is the activated form of Arl3p, Arl3p-GTP, that is required for Arl1p recruitment to Golgi membranes. The GTPase cycle of Arl3p therefore regulates membrane binding of Arl1p, which in turn, through its own GTPase cycle, regulates Golgi localization of the GRIP-domain proteins. Although the results have so far only been demonstrated in yeast, it is likely that these results will hold true for the mammalian homologues, given the conservation of these proteins at both the sequence and functional levels. Indeed, Gangi Setty et al. [6] show that the GRIP domains of human golgin-97 and mouse tGolgin-1 (the mouse homologue of golgin-245) are recruited to the yeast Golgi by Arl1p-GTP in an Arl3p-dependent manner. In addition, previous work demonstrated a two-hybrid interaction between human ARL1-Q71L (the GTPlocked form) and the GRIP domain of human Golgin-245, and co-localization of these two proteins in mammalian cells [10] .
The golgins have been proposed to act as tethering factors -proteins or protein complexes that act to hold two fusing membranes in place prior to the actual fusion event [16] . There are now a number of protein complexes that appear to be involved in tethering at different sites within cells, including the GARP/VFT complex [1] . GARP/VFT (also known as the Vps52-53-54 complex) has been implicated in retrograde transport from endosomal compartments back to the TGN in yeast [17] . Panic et al. [5] show that GARP/VFT binds to Arl1p in its GTP-bound form. Previous work had implicated the Rab protein Ypt6p in membrane localization of the GARP/VFT complex in yeast [18] , and it may be that the Ypt6p and Arl1p GTPases together coordinate binding of this complex to membranes. However, unlike the case for the GRIP-domain proteins, GARP/VFT localization is not abrogated in an arl1∆ ∆ mutant, indicating either that the Arl1p-GARP interaction serves a different role, or that redundant pathways lead to membrane binding of the GARP/VFT complex. One way to test whether Ypt6p and Arl1p act in separate pathways to recruit GARP/VFT to membranes is to assay localization of the complex in a strain deleted for both Ypt6 and Arl1p. Interestingly, both Panic et al. [5] and Gangi Setty et al. [6] have found that such a strain is inviable, so although the simple experiment cannot be done, this result nevertheless shows that Ypt6 and Arl1p have an essential overlapping function. An attractive hypothesis suggested by the results of Panic et al. [5] is that Arl1p-GTP may recruit multiple tethering factors to membranes, perhaps to distinct locations. Future work will no doubt be directed at testing these ideas.
Recently, small GTPases of the Rab family have been shown to act in signaling cascades in which an upstream Rab regulates the function of a Rab protein acting downstream in the secretory pathway [19, 20] . Ypt32p localizes to the late Golgi at regions of polarized growth in yeast, and binds directly in its GTPbound form to Sec2p, a guanine nucleotide exchange factor (GEF) for the Sec4p Rab GTPase. Ypt32-GTP thus recruits Sec2p to membranes where it activates Sec4p [19] . It is tempting to speculate that a similar mechanism may hold true for Arl3p and Arl1p ( Figure  1B) . Since the GEFs for these GTPases are not known, testing this hypothesis will await the identification of 
